Twelve quantitative characters were taken under observation to estimate substantial variation and relationship among Guar (Cyamopsis tetragonoloba (L.)Taub.,Fam.: Fabaceae) genotypes and to identify the best performing lines suited to southern parts of India, where the potential of growing the guar crop throughout the year. Analysis of variation for such quantitative traits in diverse line showed considerable and dissimilar level of variability. The largest variation was found for days to maturity, plant height, pods per plant and cluster per plant. Single plant yield was significant positively correlated with primary branches per plant, secondary branch per plant, cluster per plant, pods per cluster, pods per plant, however pod length was significant but negatively correlated with single plant yield. Principal component analysis showed the amount of variation by principal components 1 to 5 viz., 38, 16.4, 12.5, 9.5 and 6.6%, respectively. Clustering analysis based on various morphological traits assorted 42 guar genotypes into four main groups and six subclusters. Dendrogram based on hierarchal clustering grouped genotypes based on their morphological traits rather than geographic origin. Grouping of genotypes based on morphological traits is not always associated with their geographical origin. Out performed genotypes based higher yield potential, 100-seed weight, pods per plant and early maturity are identified for guar variety development and future breeding programme suited for South India.
Introduction
Guar (Cyamopsis tetragonoloba (L.) Taub., Fam.: Fabaceae) is commonly known as clusterbean. It is a completely self-fertile and highly self-pollinated plant with an upright habit and deep rooted system, belongs to the family of Leguminosae (Fabaceae), highly valued for its yield, greater nutritional importance and drought tolerance. Guar known for its endosperm bound polysaccharide gum known as galactomannan, which fetches huge value in shale energy production field (fracking in petroleum industries) and also in textile, paper, pharmaceutical, nutraceutical and cosmaceutical industries.
Guar especially for gum purpose mostly cultivated in northern India especially the states of Rajasthan, Haryana, Gujarat, Madhya Pradesh during kharif season only and to some extent at summer season. There is no crop establishment and flowering during winter season and cold periods since guar is photosensitive (quantitative short day plant). But, southern parts of India especially in the state of Tamil Nadu, there is congenial climatic condition prevails throughout the year, so it can be cultivated across the seasons in Tamil Nadu. In order to exploit the climatic pattern of Tamil Nadu, there was an attempt to evaluate the germplasm and characterize the potential line for further genotypic selection.
Materials and Methods
Genetic evaluation of 42 guar accessions on the basis of agro-morphological traits was performed in specimen plots of Department of Plant Breeding and Genetics, Agriculture College and Research Institute, Madurai. Accessions were obtained from across the country which represents diverse eco-geographical zones of India. Experiment was conducted as per RBD with plot size of 3 × 3 m 2 during November, 2012. Three meter length row per entry with spacing of 45 × 15 cm and all agronomical practices were followed. Harvesting was carried out when more than 75% plants pod in each accession turned brown in color.
Quantitative characters were taken into consideration for estimating substantial variation and relationship among guar genotypes. Twelve quantitative characters viz., plant height (cm), primary branches per plant, secondary branches per plant, clusters per plant, pods per cluster, pod length(cm), seeds per pod, pods per plant, 100-seed weight (g), single plant yield (g), days to 50 per cent flowering and days to maturity were considered for estimating genetic diversity. Mean values of accessions were computed for determining analysis of variance and correlation coefficients were estimated by using the formulae of Kwon and Torrie (1964) . Principal component analysis (PCA) and cluster analysis were also performed to assess genetic diversity among guar accessions.
Results and Discussion
Twelve quantitative traits were observed for all 42 guar accessions and observations were recorded for further analysis. Analysis of variation depicted considerable level of variability among different accessions for most of the traits. Basic descriptive statistics for 12 characters was presented in Table 1 .
The largest variation was found for days to maturity, plant height, pods per plant and cluster per plant, these results were in agreement with findings of Sultan et al. (2012) . Comparatively, low variation was noticed for seeds per pod, 100-seed weight, secondary branches per plant, pod length, pods per cluster and days to 50 per cent flowering, these results were in agreement with the findings of Morris (2010), Sultan et al. (2012) and Gopalakrishnan et al. (2011) . Observed variability found among guar accessions can be probably attributed to the genetic differences and the environment, in which these accessions were grown.
Correlation coefficient for different quantitative characters was presented in Table 2 . Single plant yield was positively correlated with primary branches per plant, secondary branch per plant, cluster per plant, pods per cluster, pods per plant, these results were in agreement with the findings of Rai et al. (2012) and Sultan et al. (2012) . The character 100-seed weight was negatively correlated with pods per plant, pods per cluster and primary branch per plant, while it showed positive correlation with pod length and seeds per pod. The character pods per cluster was negative correlation with pod length, seed per pod and 100-seed weight , while it showed positive correlation with pods per plant and single plant yield, these results were in agreement with the findings of Morris (2010) .
PCA showed the amount of variation by principal components (PCs) 1 to 5 viz. 38, 16.4, 12.5, 9.5 and 6.6%, respectively. The first PC was correlated with pods per plant, branches per plant, cluster per plant and single plant yield (Table 3 ). The second PC was associated with 100-seed weight, pod length, cluster per pod and seed per pod. The third PC was correlated with plant height, seed per pod and single plant yield. The fourth PC was correlated with days to maturity and days to 50 per cent flowering. The fifth PC was correlated with days to 50 per cent flowering. Hierarchical cluster analysis based on quantitative traits divided guar genotypes into four main groups and six sub-clusters (Fig. 1, Table 4 ). Maximum number of genotypes was in group II and III (14 accessions each), followed by groups I and IV (4 accessions each). Groups II and III exhibited two sub-clusters each. Accessions of group I were characterized as higher 100 seed weight, pod length and seed per pod, lower in single plant yield, pods per plant, shorter in height and late in flowering (Table 5 ). In, sub-cluster 1 of group II accessions exhibited characteristics of late maturity, low single plant yield and 100-seed weight and short in height. However, higher in pods per cluster, taller in height, medium in single plant yield, higher 100-seed weight characteristics were showed by sub cluster 2 of group II. Early in maturity and flowering, higher pods per plant and medium in single plant yield were observed in sub cluster 1 of group III, however, sub-cluster 2 exhibited higher single plant yield and 100 seed weight, very late in maturity. Among four groups, group IV distinctly exhibited higher single plant yield, 100-seed weight, pods per plant and clusters per plant, highly branched and tall in height. Cluster analysis using Ward's method of minimum variance showed distinct pattern of group formation. Cluster I possessed the accessions of vegetable purpose and all other clusters possessed the gum yield accessions. However, more accessions from different origins were clustered into same cluster. Grouping of accessions based on morphological, phenomical and reproductive characters is not always associated with their geographical origin. Present results were in accordance with the findings of Singh et al. (2005) , Pervaiz et al. (2010) , Pathak et al. (2010) , Rai et al. (2012) , Sultan et al. (2012) , Girish et al. (2012) and Kumar et al. (2013) . Based on the results of present investigation, an extensive range of genetic diversity has been explored in guar accessions. Important agro-morphological traits like greater yield potential, seeds per pod, pods per plant and early maturity, etc., served as a criterion to select promising guar genotypes which will be suited to southern parts of India (Table 6 ). Cataloging and documenting the diversity of genotypes is essential for future guar breeding programme.
